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encoding line number that is number of lines necessary for
implementing encoding. The image coding device includes:
an image-data transforming unit that transforms image data
of lines, number of which is smaller than the encoding-line
number, into to-be-encoded image data of the encoding-line
number of lines; and an encoding unit that encodes the
to-be-encoded image data.

8 Claims, 16 Drawing Sheets

l ACQUIRE IMAGE DATA OF ONE LINE }31701

[ oUTPUT IMAGE DATA TO LINE BUFFER |~81702

TRANSFORM IMAGE DATA INTO 51703
TO-BE-ENCODED IMAGE DATA

IMPLEMENT ENCODING |-s1704

r TRANSMIT ENCODED DATA I-\JS‘I?OS

END



U.S. Patent Sep. 27, 2016 Sheet 1 of 16 US 9,456,220 B2

FIG.1

§
o~ [¢]
l> IMAGE

RECEIVING
APPARATUS




U.S. Patent Sep. 27, 2016 Sheet 2 of 16 US 9,456,220 B2

g10 820 g30
CPU RAM ROM
A Y 3
P A ) 4 A4 880 >
y 40 A (0
DEDICATED I/F
ENGINE
A A
) 4 360 A4 870
OPERAT- NET-
ING UNIT WORK




U.S. Patent

US 9,456,220 B2

Sep. 27, 2016 Sheet 3 of 16
g1 02 g1 03-1 S104
IMAGE-DATA FIRST LINE ENCODING
ACQUISITION BUFFER UNIT
UNIT
A
! o (103-2 + (105
SECOND LINE PACKET
CAMERA BUFFER GENERATION
UNIT
y (108
NETWORK I/F
EIGHTH LINE
BUFFER

A\ 4



U.S. Patent

Sep. 27, 2016

FIG.4

Sheet 4 of 16

(102 (103
IMAGE-DATA
AGQUISITION —>| LINE BUFFER
UNIT
A
v g'101 . 2 &107
REARRANG-
CAMERA ING UNIT

31 04

A

ENCODING
UNIT

y (105

PACKET
GENERATION
UNIT

. %106

NETWORK I/F

US 9,456,220 B2

\ 4

A




U.S. Patent Sep. 27, 2016 Sheet 5 of 16 US 9,456,220 B2

2
201 202
PACKET
<> NETWORKIF —> ANALYSIS
UNIT
y 203 (204
DECODING | | REARRANGING
UNIT UNIT




U.S. Patent Sep. 27, 2016 Sheet 6 of 16 US 9,456,220 B2

FIG.GA
FIG.6B

EEEEEEEEAREEREEENNEN N

\[*HIHHIHHIIlllllllll]lllll]lllll-'llll"'
8 PIXELS

8 LINES



U.S. Patent

FIG.7A

1 LINE WMM&%?EEQ=.';sEiiiiésis]zizi]?:zé'slzéﬁm

Sep. 27, 2016

Sheet 7 of 16

N
8 PIXELS

FIG.7B

(A7 vz

FIG.7C

EEEEEEEEE

US 9,456,220 B2




US 9,456,220 B2

Sheet 8 of 16

Sep. 27, 2016

U.S. Patent

v1va d3000N3

viva d3A0OON3

LINSNVYL LINSNYYL
. L _ ]
M 300D
m -N3
: : ] (a)
PNl AVI3a aNIT INO
1 "g3ona3y FHINDOV
v1va 03A0ON3 LINSNVHL
3000N3
I _ 1 (e
ot
3NIT 3NO
IHINDIY

8'old



US 9,456,220 B2

Sheet 9 of 16

Sep. 27, 2016

U.S. Patent

.v:., ”.x,. 8 B /. SEH SN0 S5 e wmz_l_ 8

S K E
2
s

NI pue

%,
%

2%

ANITISL




US 9,456,220 B2

Sheet 10 of 16

Sep. 27, 2016

U.S. Patent

S713XId 8

R 3
I S
S X
EBRIRRRIES s

0 TR s O > SANIT 8

74
ZHl

aNIT Uiy
INIT plE
aNIT PuUC
aNITISL




U.S. Patent Sep. 27, 2016 Sheet 11 of 16 US 9,456,220 B2

FIG.11

—&— 1 LINE
—a&— 2 LINES

——3»—— 3 LINES

DATA SIZE NOT
[byte] B PEARRANGED
700000

600000
500000
400000
300000

200000
100000

0

COMPRESSION RATIO



U.S. Patent

Sep. 27, 2016

FIG.12

Sheet 12 of 16

US 9,456,220 B2

(102 (103
IMAGE-DATA
> ACQUISITION —>| LINE BUFFER
UNIT
A T
L (101 1 a0 (104
REARRANG- ENCODING
CAMERA ING UNIT > UNIT
A
109 (108 105
Y
S—_— CONTROL PACKET
CONTROL | SICNAL »| GENERATION
INFORMATION e UNIT
A
L (o0s
NETWORK I/F
A
A %3
NETWORK
MONITORING
APPARATUS




U.S. Patent

Sep. 27, 2016 Sheet 13 of 16 US 9,456,220 B2
NUMBER OF
Tfé*\'/:EF'LC REARRANGEMENT
LINES
0 1 LINE
1 2 LINES
2 4 LINES

IP HEADER

UDP REARRANGE-
HEADER MENT ID ENCODED DATA J?




U.S. Patent

Sep. 27, 2016

Sheet 14 of 16

FIG.15

US 9,456,220 B2

REARRANGE-
MENT
INFORMATION

v (202

(201

» NETWORKI/F >

PACKET
ANALYSIS

UNIT

y (203

A

82 04

DECODING

Y

UNIT

REARRANGING
UNIT

FIG.16

REARRANGEMENT
ID

NUMBER OF
REARRANGEMENT
LINES

1 LINE

2 LINES

4 LINES




U.S. Patent Sep. 27, 2016 Sheet 15 of 16 US 9,456,220 B2

FIG.17

START
ACQUIRE IMAGE DATA OF ONE LINE Ir»S1701
OUTPUT IMAGE DATA TO LINE BUFFER I'»S1702

TRANSFORM IMAGE DATA INTO $1703
TO-BE-ENCODED IMAGE DATA

IMPLEMENT ENCODING I—»S1704

TRANSMIT ENCODED DATA S1705




U.S. Patent Sep. 27, 2016 Sheet 16 of 16 US 9,456,220 B2

ACQUIRE IMAGE DATA OF ONE LINE Iv»S1801

OUTPUT IMAGE DATA TO LINE
BUFFER S$1802

S1803

HAS
IMAGE DATA OF
NECESSARY NUMBER
OF LINES BEEN
STORED?

TRANSFORM IMAGE DATA INTO
TO-BE-ENCODED IMAGE DATA

l IMPLEMENT ENCODING I'»S1805

TRANSMIT ENCODED DATA S1806

S1804




US 9,456,220 B2

1
IMAGE CODING METHOD, IMAGE
CODING DEVICE, IMAGE PROCESSING
APPARATUS, AND IMAGE
TRANSMITTING/RECEIVING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorpo-
rates by reference the entire contents of Japanese Patent
Application No. 2014-143420 filed in Japan on Jul. 11,
2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image coding method,
an image coding device, an image processing apparatus, and
an image transmitting/receiving system and, more particu-
larly, to a process for encoding image data with consider-
ation given to a delay in transmission of encoded image data.

2. Description of the Related Art

It is common to transmit data representing a moving
image or a still image (hereinafter, collectively referred to as
“image”) captured using a security camera, a vehicle-
mounted camera, or the like to an image receiving apparatus
over a network. The amount of data transmitted in this
manner increases in proportion to image quality such as
resolution, frame rate, and bit depth. However, because the
bandwidth of a network for use in such transmission image
data is limited, a restriction is imposed on quality of image
data to be transmitted.

To enable transmission of image data of higher quality
with such a limited network bandwidth, it is general com-
press image data using a codec such as a JPEG (joint
photographic experts group) codec or an H.264 codec and
transmit the compressed image data.

It is proposed to packetize image data, which is trans-
formed by line-based wavelet transformation and is it units
of a precinct, by rearrangement for each frequency compo-
nent for the purpose of transmitting the image data with low
delay and efficiently, (see, for example, Japanese Laid-open
Patent Application No. 2008-028511).

An image compression process is typically performed in
units of a fixed data amount. For example, a JPEG com-
pression process is performed by accumulating image data
in buffers or the like until the image data of at least 8 lines
is stored, and performing the compression process in units of
accumulated image data of 8 lines. When the compression
process is performed in units of a determined number of
lines in this manner, the compression process waits for the
image data of the necessary number of lines to be buffered,
which can cause a delay in transmission of compressed
image data and impair real-time transmission. A similar
problem arises as well in the technique disclosed in Japanese
Laid-open Patent Application No. 2008-028541 because this
technique includes suspending line-based wavelet transfor-
mation until a necessary number of lines are buffered.

Under the circumstances, there is a need for a technique
for reducing a transmission delay caused by image data
compression.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

10

15

20

25

30

35

40

45

50

55

60

65

2

An image coding device encodes image data in units of
encoding line number that is number of lines necessary for
implementing encoding. The image coding device includes:
an image-data transforming unit that transforms image data
of lines, number of which is smaller than the encoding-line
number, into to-be-encoded image data of the encoding-line
number of lines; and an encoding unit that encodes the
to-be-encoded image data.

An image transmitting/receiving system transmits and
receives image data encoded in units of encoding line
number that is number being number of lines necessary for
implementing encoding. The image transmitting/receiving
system includes: an image-data transforming unit That trans-
forms image data of lines, number of which is smaller than
the encoding-line number, into to-be-encoded image data of
the encoding-line number of lines; an encoding unit that
encodes the to-be-encoded image data; an image-data trans-
mitting unit that transmits encoded data that is the encoded
image data; a decoding unit that decodes the transmitted
encoded data; and an image-data reconstructing unit that
reconstructs decoded image data into not-yet-transformed
image data.

An image coding method encodes image data in units of
encoding line number that is number of lines necessary for
implementing encoding. The image coding method includes:
transforming image data of lines, number of which is smaller
than the encoding-line number, into to-be-encoded image
data of the encoding-line number of lines; and encoding the
to-be-encoded image data.

The above and other objects, features, advantages and
technical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example utilization
form of an image transmitting/receiving system according to
an embodiment of the present invention;

FIG. 2 is a diagram illustrating a hardware configuration
of a network camera according to the embodiment;

FIG. 3 is a block diagram illustrating a functional con-
figuration of a conventional network camera or comparison
with the network camera according to the embodiment;

FIG. 4 is a block diagram illustrating a functional con-
figuration of the network camera according to the embodi-
ment;

FIG. 5 is a block diagram illustrating configuration of an
image receiving apparatus according to the embodiment;

FIGS. 6A and 6B are diagrams illustrating how image
data is encoded in the conventional network camera for
comparison with an image-data rearranging process accord-
ing to the embodiment;

FIGS. 7A to 7C are diagrams illustrating how image data
is encoded in the network camera according to the embodi-
ment;

FIG. 8 is a diagram illustrating, in time sequence, an
encoding process according to the embodiment;

FIGS. 9A and 9B are diagrams illustrating how image
data of'two lines is encoded in the network camera according
to the embodiment;

FIGS. 10A and 10B are diagrams illustrating how image
data of four lines is encoded in the network camera accord-
ing to the embodiment;
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FIG. 11 is a graph of compression ratio of to-be-encoded
image data versus data sizes with different numbers of lines
used for encoding in the network camera according to the
embodiment;

FIG. 12 is a diagram illustrating a functional configura-
tion of the network camera according to a second embodi-
ment of the present invention;

FIG. 13 is a diagram illustrating control information
according to the second embodiment;

FIG. 14 is a block diagram illustrating a structure of a
packet according to the second embodiment;

FIG. 15 is a block diagram illustrating a functional
configuration of the image receiving apparatus according to
the second embodiment;

FIG. 16 is a diagram illustrating rearrangement informa-
tion according to the second embodiment;

FIG. 17 is a flowchart illustrating operations of elements
of the network camera according to the embodiment; and

FIG. 18 is a flowchart illustrating operations of the
elements of the network camera according to the embodi-
ment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

A first embodiment of the present invention is described
below in detail. In the description given below, the present
embodiment is implemented as an image transmitting/re-
ceiving system including an image processing apparatus and
an image receiving apparatus. The image processing appa-
ratus that performs image data processing such as image
data encoding and image data transmission is embodied as
a network camera. The image receiving apparatus receives
image data transmitted from the image processing apparatus
via a network.

FIG. 1 is a diagram illustrating an example utilization
form of the image transmitting/receiving system. As illus-
trated in FIG. 1, the image transmitting/receiving system
according to the present embodiment includes a network
camera 1 and an image receiving apparatus 2 connected to
each other via a network such as the Internet or a LAN (local
area network).

The network camera 1 which may be a security camera or
a vehicle-mounted camera, for example, generates data
representing a moving image or a still image (hereinafter,
collectively referred to as “image”) by capturing an image of
an image capture subject and transmits the data to the image
receiving apparatus 2. The image receiving apparatus 2
receives the image data transmitted from the network cam-
era 1 and displays the received image data and/or performs
image recognition, for example.

Hardware of the network camera 1 included in the image
transmitting/receiving system according the present embodi-
ment is described below. FIG. 2 is a block diagram illus-
trating a hardware configuration of the network camera 1
according to the present embodiment.

As illustrated in FIG. 2, the network camera 1 according
to the present embodiment includes a CPU (central process-
ing unit) 10, a RAM (random access memory) 20, a ROM
(read only memory) 30, a dedicated engine 40, and an I/F 50
connected to each other via a bus 80. An operating unit 60
and a network 70 are connected to the I/F 50.

The CPU 10 is a processing unit that controls overall
operations of the network camera 1. The RAM 20 is a
volatile storage medium to and from which information can
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be written and read out and used as a working area in
information processing performed by the CPU 10. The ROM
30 is a read-only non-volatile storage medium where pro-
gram instructions such as various types of control programs
and firmware are stored.

The dedicated engine 40 is hardware for implementing a
dedicated function of the network camera 1. The dedicated
engine 40 may be, for example, a processing device per-
forming processing for rearranging pixels of image data
acquired line by line. The processing device may be imple-
mented in an ASIC (application specific integrated circuit),
for example.

The I/F 50 provides and controls connection between the
bus 80 and various types of hardware, a network, and the
like. The operating unit 60 is user interface that allows a user
to enter information to the network camera 1. The operating
unit 60 may be, for example, various hard buttons and a
touch panel. The network 70 is an interface that allows the
network camera 1 to carry out network communication with
other equipment.

In such hardware configuration, the CPU 10 performs
processing in accordance with a program stored in the ROM
30 or a program loaded onto the RAM 20, thereby config-
uring software control units. Functional blocks that imple-
ment functions of the network camera 1 included in the
image transmitting/receiving system according to the pres-
ent embodiment are implemented in combination of the
software control units configured as described above and
hardware.

The image receiving apparatus 2 has a hardware configu-
ration similar to that of an information processing apparatus
such as a typical PC (personal computer) or a server. More
specifically, the image receiving apparatus 2 includes, in
addition to the hardware configuration illustrated in FIG. 2,
an LCD (liquid crystal display), which is connected to the
I/F 50, and an HDD (hard disk drive).

A functional configuration of a conventional network
camera is described below for comparison purpose prior to
describing a functional configuration of the network camera
1 according to the present embodiment. FIG. 3 is a block
diagram illustrating a functional configuration of functions
which are related to an image-data encoding process and an
image-data transmission process and which are provided by
the conventional network camera. In the present embodi-
ment, it is assumed that “encoding process” is encoding
involving compression, and “encoding (process)” is equiva-
lent to “compression (process)”.

As illustrated in FIG. 3, the conventional network camera
includes a camera 101, an image-data acquisition unit 102,
line buffers 103-1 to 103-8, an encoding unit 104, a packet
generation unit 105, and a network I/F 106.

The camera 101 is an image capturing device that cap-
tures an image using an imaging capturing element such as
a CCD (charge coupled device) or a CMOS (complementary
metal oxide semiconductor) and outputs the image as digital
data.

The image-data acquisition unit 102 acquires an image
generated by the camera 101 capturing an image of an image
capture subject as digital data and outputs the acquired
image data to the line buffers 103-1 to 103-8 (hereinafter,
“the first to eighth line buffers™) line by line.

Each of'the first to eighth line buffers is a storage medium
where the image data of one line (hereinafter, sometimes
referred to as “line data”) output from the image-data
acquisition unit 102 is to be stored. The first to eighth line
buffers, the number of which is equal to the number of the
lines necessary for the encoding unit 101, which will be
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described later, to encode image data, are provided. The
encoding unit 104 encodes image data in units of the
encoding line number that is the number of lines necessary
for implementing encoding (e.g., 8 lines). For this reason,
the network camera 1 includes the eight (the first to eighth)
line buffers.

The encoding unit 104 acquires the line data stored in the
first to eighth line buffers and encodes the image data in
units of 8 lines using a JPEG scheme. The encoding unit 104
outputs the encoded image data to the packet generation unit
105.

More specifically, the encoding unit 104 so its the
acquired image data of 8 lines into blocks of, for example,
8 lines by 8 pixels and transforms the image data from the
spatial domain to the frequency domain by DCT (discrete
cosine transform) block by block. The encoding unit 104
quantizes the transformed data and encodes the quantized
data by entropy coding.

The packet generation unit 105 packetizes the encoded
image data (hereinafter, “encoded data”) output from the
encoding unit 104 to convert the encoded data to a data
format that can be transmitted via a network. The packet
generation unit 105 also functions as an image-data trans-
mitting unit that transmits the packetized data (hereinafter,
“packet data”) to other equipment such as the image receiv-
ing apparatus 2 via the network I/F 106.

The network I/F 106 is an interface that allows the
network camera 1 to communicate with other equipment
such as the image receiving apparatus 2 over the network.
An interface such as an Ethernet (registered trademark)
interface, a Bluetooth (registered trademark), or a Wi-Fi
(wireless fidelity) interface may be used as the network I/F
106.

More specifically, the image-data acquisition unit 102
outputs line data for the first to eighth lines to the eight (the
first to eighth) line buffers, respectively. When the line data
has been stored in the eight (the first to eighth) line buffers,
the encoding unit 104 encodes the line data in the line
buffers. When the line data in the first to eighth line buffers
has been encoded, the image-data acquisition unit 102 then
outputs line data for the ninth to sixteenth lines to the eight
(the first to eighth) line buffers, respectively. This procedure
is repeatedly performed until all the line data of the image
data is encoded.

As described above, the conventional network camera
temporarily stores a necessary number of lines, necessary for
encoding, of image data line by line. Therefore, the conven-
tional network camera is required to include as many line
buffers as the lines necessary for encoding, which increases
circuit size. Furthermore, because an encoding process can-
not be performed until line data is stored in all the line
buffers, a delay occurs in transmission of encoded data.

A feature of the present embodiment lies in an encoding
process that reduces such a delay in transmission of encoded
data. As a configuration according to the present embodi-
ment, a functional configuration of functions which are
related to the image-data encoding process and an image-
data transmission process and which are provided by the
network camera 1 according to the present embodiment is
described below. FIG. 4 is a block diagram illustrating the
functional configuration of the functions involved in the
image-data encoding process and the image-data transmis-
sion process out of the functions of the network camera 1
according to the present embodiment.

As illustrated in FIG. 4, the network camera according to
the present embodiment differs from the configuration illus-
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trated in FIG. 3 in that the eight (the first to eighth) line
buffers are replaced with a single line buffer 103 and that a
rearranging unit 107 added.

The camera 101 is similar to the camera 101 described
above with reference to FIG. 3. As described above with
reference to FIG. 3, the image-data acquisition unit 102
acquires digital data representing an image generated by the
camera 101 capturing an image and outputs the acquired
image data of one line to the line buffer 103.

The rearranging unit 107 rearranges the image data of one
line stored in the line buffer 103 into image data (hereinafter,
“to-be-encoded image data”) made up of the encoding-line
number of lines (e.g., 8 lines), which is the number of lines
necessary for implementing encoding, and outputs the rear-
ranged image data to the encoding unit 104. A feature of the
present embodiment lies in this rearranging process per-
formed by the rearranging unit 107. The rearranging process
will be described in detail later.

The encoding unit 104 encodes the to-be-encoded image
data output from the rearranging unit 107. Accordingly, the
encoding unit 104 according to the present embodiment
encodes the image data line by line. A feature of the present
embodiment lies in the function as an image coding device
including the rearranging unit 107 and the encoding unit 104
described above.

The packet generation unit 105 and the network I/F 106
operate in a manner similar to that described above with
reference to FIG. 3.

More specifically, the image-data acquisition unit 102
outputs line data for the first line to the line buffer 103 first.
The line data stored in the line buffer 103 is rearranged by
the rearranging unit 107 into to-be-encoded image data,
which is then encoded by the encoding unit 104. When the
line data for the first line has been encoded, the image-data
acquisition unit 102 then outputs line data for the second line
to the line buffer 103. This procedure is repeatedly per-
formed until all the line data of the image data is encoded.

A functional configuration of the image receiving appa-
ratus 2 according to the present embodiment is described
below. FIG. 5 is a block diagram illustrating a functional
configuration of a function which is related to a process of
decoding the encoded data transmitted from the network
camera 1 into image data out of the functions of the image
receiving apparatus 2 according to the present embodiment.
As illustrated in FTC. 5, the image receiving apparatus 2
according to the present embodiment includes a network I/F
201, a packet analysis unit 202, a decoding unit 203, and a
rearranging unit 204.

The network I/F 201 is an interface that allows the image
receiving apparatus 2 to communicate with other equipment
such as the network camera 1 over the network. An interface
such as an Ethernet (registered trademark) interface, a
Bluetooth (registered trademark), or a Wi-Fi interface may
be used as the network I/F 201.

The packet analysis unit 202 acquires the packet data
transmitted from the network camera 1 via the network I/F
201, obtains encoded data from the packet data, and outputs
the encoded data to the decoding unit 203.

The decoding unit 203 decodes the encoded data output
from the packet analysis unit 202. The encoded data is thus
reconstructed by the decoding unit 203 into the image data
of 8 lines rearranged by the rearranging unit 107. The
decoding unit 203 outputs the reconstructed image data to
the rearranging unit 204.

The rearranging unit 204 rearranges the image data of 8
lines output from the decoding unit 203 into the image data
of one line. More specifically, the rearranging unit 204
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reconstructs the image data of 8 lines into the image data of
one line by performing, in reverse, the procedure through
which the rearranging unit 107 has rearranged the image
data. That is, the rearranging unit 204 functions as an
image-data reconstructing unit that reconstructs the image
data decoded by the decoding unit 203 into the image data
that is not rearranged yet by the rearranging unit 107. The
image data of one line reconstructed by the rearranging unit
204 is eventually used in displaying an image on a display
unit, such as the LCD 60, of the image receiving apparatus
2, for example.

How the rearranging unit 107 according to the present
embodiment rearranges image data is described below.
FIGS. 6A and 6B are diagrams illustrating, for comparison
with an image-data rearranging process according to the
present embodiment, how image data is encoded in the
conventional network camera illustrated in FIG. 3. FIGS. 7A
to 7C are diagrams illustrating how image data is encoded in
the network camera 1 according to the present embodiment.

In the conventional network camera illustrated in FIG. 3,
such image data of 8 lines as that illustrated in FIG. 6A
composed of pieces of image data each being of one line and
stored in the eight (the first to eighth) respective line buffers
is used as image data to be encoded by the encoding unit
104. The encoding unit 104 divides the image data of 8 lines
into blocks of 8 lines by 8 pixels as illustrated in FIG. 6 A and
encodes the image data block by block, thereby outputting
such encoded data as that illustrated in FIG. 6B.

By contrast, in the network camera 1 according to the
present embodiment illustrated in FIG. 4, image data one
line is stored in the single line buffer 103 as illustrated in
FIG. 7A. In the image data illustrated in FIG. 7A, pixels are
filled with hatching patterns changing every 8 pixels. These
hatching patterns are used for convenience of the description
of the rearranging process given below, and not intended to
mean that pixels with the same hatching pattern are of the
same pixel value or the like.

For example, the rearranging unit 107 divides the image
data of one line illustrated in FIG. 7A into subblocks of 1
line by 8 pixels and rearranges the subblocks into to-be-
encoded image data. The pixels of the rearranged image data
illustrated in FIG. 7B are filled with the same hatching
patterns as those of the image data illustrated in FIG. 7A
changing every 8 pixels.

More specifically, for instance, the first to eighth pixels,
filled with lines rising to the right, of the image data
illustrated in FIG. 7A are arranged as the first 8 pixels on the
first line of the image data illustrated FIG. 7B. For instance,
the ninth to sixteenth pixels, filled with least dense dots, of
the image data illustrated in FIG. 7A are arranged as the first
8 pixels on the second line of the image data illustrated in
FIG. 7B.

When the rearranging unit 107 has arranged the divided
image data of 8 pixels to the eighth line in this manner, the
rearranging unit 107 then arranges the image data of the next
8 pixels at a position of the ninth to sixteenth pixels on the
first line. By performing the sequence described above, the
rearranging unit 107 rearranges the image data of one line
illustrated in FIG. 7A into the image data of 8 lines illus-
trated in FIG. 7B in real-time. The image data of 8 lines
illustrated in FIG. 7B is used as the to-be-encoded image
data to be encoded by the encoding unit 104.

In short, the rearranging unit 107 functions as an image-
data transforming unit that divides the image data stored in
the line buffer 103 into subblocks each made up of a
predetermined number of pixels and transforming the sub-
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blocks each made up of the predetermined number of pixels
into to-be-encoded image data.

The encoding unit 104 divides the image data of 8 lines
into blocks of 8 lines by 8 pixels as illustrated in FIG. 7B and
encodes the image data block by block, thereby outputting
such encoded data as that illustrated in FIG. 7G.

FIG. 8 is a diagram illustrating, in time sequence, the
conventional encoding process and the encoding process
according to the present embodiment. In the conventional
encoding process, as illustrated at (a) FIG. 8, the encoding
unit 104 encodes image data of 8 lines only after the image
data of 8 lines has been buffered, and transmits the thus-
encoded data.

By contrast, in the encoding process according to the
present embodiment, as illustrated at (b) in FIG. 8, each time
image data of one line is acquired, the rearranging unit 107
rearranges the image data. The encoding unit 101 encodes
the rearranged image data and transmits the thus-encoded
data. Furthermore, in parallel with transmission of the
encoded data, image data of the next one line is acquired and
rearranged by the rearranging unit 107.

Accordingly, first transmission of encoded data in the
encoding process illustrated at (b) in FIG. 8 is earlier than
that in the encoding process illustrated at (a) in FIG. 8.
Furthermore, in the encoding process illustrated at (b) in
FIG. 8, image data is encoded and transmitted each time
image data of one line is acquired. Accordingly, the encod-
ing process illustrated at (b) in FIG. 8 completes transmis-
sion of encoded data obtained by encoding the image data of
8 lines earlier than the encoding process illustrated at (a) in
FIG. 8. In short, a delay in transmission of encoded data is
reduced as illustrated in FIG. 8, for example.

FIG. 17 is a flowchart illustrating operations of elements
of'the network camera 1 illustrated in FIG. 4. The operations
in the flowchart illustrated in FIG. 17 are an example of
operations for implementing an image coding method. As
illustrated in FIG. 17, the image-data acquisition unit 102
acquires image data of one line (S1701). Upon acquiring the
image data of one line, the image-data acquisition unit 102
outputs the image data of one line to the line buffer 103
(81702).

The rearranging unit 107 transforms the image data of one
line stored in the line buffer 103 into to-be-encoded image
data of the encoding-line number of lines (e.g., 8 lines)
(S1703). When the image data of one line has been trans-
formed by the rearranging unit 107 into the to-be-encoded
image data, the encoding unit 104 encodes the to-be-en-
coded image data (S1704).

When the to-be-encoded image data has been encoded
into encoded data by the encoding unit 104, the packet
generation unit 105 packetizes the encoded data into packet
data and transmits the packet data via the network I/F 106
(S1705). The procedure illustrated in FIG. 17 is repeatedly
performed until all the line data is processed.

As described above, the network camera 1 according to
the present embodiment transforms, each time image data of
one line is stored in the line buffer 103, the image data of one
line into to-be-encoded image data of 8 lines, encodes the
to-be-encoded image data into encoded data, and transmits
the encoded data to the image receiving apparatus 2. This
can reduce a transmission delay caused by image data
compression as described above with reference to FIG. 8.

In the present embodiment, the example where each time
image data of one line is stored in the line buffer 103, the
image data is transformed into to-be-encoded image data
and then encoded is described. However, the number of lines
to be transformed into to-be-encoded image data is not
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limited to one, but may be two or four, for example, as long
as it is smaller than the encoding-line number.

FIGS. 9A and 9B are diagrams illustrating how image
data of two lines are encoded. To implement encoding of
image data of two lines, the network camera 1 includes two
line buffers (the first and second line buffers). Such image
data of two lines as that illustrated in FIG. 9A composed of
pieces of the image data each being of one line and stored
in the respective first and second line buffers is used as
image data to be encoded by the encoding unit 104. In the
image data illustrated in FIG. 9A, pixels are filled with
hatching patterns changing every 8 pixels. These hatching
patterns are used for convenience of the description of the
rearranging process given below, and not intended to mean
that pixels with the same hatching pattern are of the same
pixel value or the like.

For example, the rearranging unit 107 divides the image
data of two lines illustrated in FIG. 9A into subblocks of 2
lines by 8 pixels and rearranges the subblocks into to-be-
encoded image data as illustrated in FIG. 9B. The pixels of
the rearranged image data illustrated in FIG. 9B are filled
with the same hatching patterns as those of the image data
illustrated in FIG. 9A changing every 8 pixels.

More specifically, for instance, the first to eighth pixels on
each of the first and second lines, filled with lines rising to
the right, of the image data illustrated FIG. 9A are arranged
as the first 8 pixels on the first and second lines of the
to-be-encoded image data illustrated in FIG. 9B.

For instance, the ninth to sixteenth pixels on each of the
first and second lines, filled with least dense dots, of the
image data illustrated in FIG. 9A are arranged as the first 8
pixels on the third and fourth lines of the to-be-encoded
image data illustrated in FIG. 9B.

When the rearranging unit 107 has performs arrangement
up to the eighth line of the to-be-encoded image data is units
of the divided image data of the subblock of 2 lines by 8
pixels in this manner, the rearranging unit 107 then arranges
the image data of the next subblock of 2 lines by 8 pixels at
a position of the ninth to sixteenth pixels on the first and
second lines of the to-be-encoded image data. By perform-
ing the sequence described above, the rearranging unit 107
rearranges the image data of two lines illustrated in FIG. 9A
into the to-be-encoded image data of 8 lines illustrated in
FIG. 9B.

FIGS. 10A and 10B are diagrams illustrating how image
data of four lines are encoded. To implement encoding of
image data of four lines, the network camera 1 includes four
line buffers (the first to fourth line buffers). Such image data
of four lines as that illustrated in FIG. 10A composed of
pieces of the image data each being of one line and stored
in the respective first to fourth line buffers is used as image
data to be encoded by the encoding unit 104. In the image
data illustrated in FIG. 10A, pixels are filled with hatching
patterns changing every 8 pixels. These hatching patterns are
used for convenience of the description of the rearranging
process given below, and not intended to mean that pixels
with the same hatching pattern are of the same pixel value
or the like.

For example, the rearranging unit 107 divides the image
data of four lines illustrated in FIG. 10A into subblocks of
4 lines by 8 pixels and rearranges the subblocks into
to-be-encoded image data as illustrated in FIG. 10B. The
pixels of the rearranged image data illustrated in FIG. 10B
are filled with the same hatching patterns as those of the
image data illustrated in FIG. 10A changing every 8 pixels.

More specifically, for example, the first to eighth pixels on
each of the first to fourth lines, filled with lines rising to the
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right, of the image data illustrated in FIG. 10A are arranged
as the first 8 pixels on the first to fourth lines of the
to-be-encoded image data illustrated in FIG. 10.

For example, the ninth to sixteenth pixels on each of the
first to fourth lines, filled with least dense dots, of the image
data illustrated in FIG. 10A are arranged as the first 8 pixels
on the fifth to eighth lines of the to-be-encoded image data
illustrated in FIG. 10B.

When the rearranging unit 107 has performed arrange-
ment up to the eighth line of the to-be-encoded image data
in units of the divided image data of the subblock of 4 lines
by 8 pixels in this manner, the rearranging unit 107 then
arranges the image data of the next subblock of 4 lines by 8
pixels at a position of the ninth to sixteenth pixels on the first
to fourth lines of the to-be-encoded image data. By perform-
ing the sequence described above, the rearranging unit 107
rearranges the image data of four lines illustrated in FIG.
10A into the to-be-encoded image data of 8 lines illustrated
in FIG. 10B.

FIG. 11 is a graph of compression ratio of to-be-encoded
image data versus data size with different numbers of lines
used for encoding in the network camera 1 according to the
present embodiment. As illustrated in FIG. 11, when com-
parison is made at the same compression ratio, the data size
increases in the following order: image data of one line, two
lines, three lines, and not rearranged (i.e., 8 lines).

This can be ascribed to characteristics of JPEG compres-
sion. JPEG compression reduces the amount of data by
removing high-frequency components, to which human
vision is less sensitive, from an image. Natural images such
as images obtained by capturing the images of outdoor
scenery have a feature that the images have small high-
frequency components and, accordingly, compression ratios
of these images compressed by JPEG are generally high.
However, when line data is rearranged as in the present
embodiment, because to-be-encoded image data has a large
number of spatially-discontinuous regions (i.e., high-fre-
quency components) where color changes sharply, compres-
sion ratio of JPEG-compressed images decreases.

Accordingly, as illustrated in FIG. 11, as the number of
lines (hereinafter, “the number of rearrangement lines”) of
image data to be rearranged by the rearranging unit 107
increases, the discontinuous regions decrease, and the com-
pression ratio is improved. Meanwhile, as described earlier,
when the number of rearrangement lines is two, two line
buffers are to be used; when the number of rearrangement
lines is four, four line buffers are to be used. In short, as the
number of rearrangement lines increases, the number of the
line buffers increases, which increases circuit size. Further-
more, as the number of rearrangement lines increases, the
time it takes until the image data of rearrangement lines is
buffered is lengthened. As a result, a delay in transmission
of encoded data increases.

FIG. 18 is a flowchart illustrating operations of elements
of'the network camera 1 illustrated in FIG. 4. The operations
in the flowchart illustrated in FIG. 18 are an example of
operations for implementing an image coding method. In the
flowchart illustrated in FIG. 18, image data is encoded in
units of a number of lines, the number being two or four in
the above-described examples and being smaller than the
encoding-line number.

As illustrated in FIG. 18, the image-data acquisition unit
102 acquires image data of one line (S1801). Upon acquiring
the image data of one line, the image-data acquisition unit
102 outputs the image data of one line to a line buffer
(S1802).
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The rearranging unit 107 determines whether or not image
data of a predetermined number of lines necessary or
encoding have been stored in the line buffer(s) (S1803). For
instance, when the necessary number of lines is two, the
rearranging unit 107 determines whether or not line data has
been stored in each of the first and second line buffers. If the
image data of the predetermined number of lines has not
been stored in the corresponding line buffer(s) yet (NO at
S1803), the rearranging unit 107 is held on standby. The
image-data acquisition unit 102 acquires image data of the
next one lice (S1801) and outputs the image data of one line
to another line buffer (S1802).

If the image data of the predetermined number of lines has
been stored in the corresponding line buffer(s) (YES at
S1803), the rearranging unit 107 transforms the line data
stored in the line buffer (s) into to-be-encoded image data of
the encoding-line number of lines (e.g., 8 lines) (S1804).

When the image data of the predetermined number of
lines has been transformed by the rearranging unit 107 into
the to-be-encoded image data, the encoding unit 104
encodes the to-be-encoded image data (S1805). When the
to-be-encoded image data has been encoded into encoded
data by the encoding unit 104, the packet generation unit 105
packetizes the encoded data into packet data and transmits
the packet data via the network I/F 106 (S1806). The
procedure illustrated in FIG. 18 is repeatedly performed
until all the line data is processed.

Second Embodiment

A second embodiment of the invention is described below.
As described above in the first embodiment, it is enough that
the number of rearrangement lines is smaller than the
encoding-line number. Furthermore, as described above
with reference to FIG. 11, as the number of rearrangement
lines increases, the compression ratio is improved; in other
words, the size of data compressed the same compression
ratio decreases.

The number of rearrangement lines can be determined
depending on a network communication status of the image
transmitting/receiving system by utilizing these features.
More specifically, when, for instance, communications traf-
fic on the network is light (or, in other words, when the
amount of data that can be transmitted is large), the number
of rearrangement lines is determined to one. When the
number of rearrangement lines is one, although the com-
pression ratio of image data is lower (or, in other words, the
size of data compressed at the same compression ratio is
larger) than that when the number of rearrangement lines is
two or larger, a delay in transmission of encoded data
decreases.

When, for instance, communications traffic on the net-
work is busy (or, in other words, when the amount of data
that can be transmitted is small), the number of rearrange-
ment lines is determined to four. When the number of
rearrangement lines is four, although a delay in transmission
of encoded data is larger than that when the number of
rearrangement lines is smaller than four, the compression
ratio of image data is improved (or, in other words, the size
of data compressed at the same compression ratio
decreases).

In the second embodiment, the number of rearrangement
lines is determined depending on the amount of data that can
be transmitted via a network. FIG. 12 is a block diagram
illustrating a functional configuration of the network camera
1 according to the second embodiment. As illustrated in FIG.
12, the network camera 1 according to the second embodi-
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ment differs from the configuration illustrated in FIG. 4 in
additionally including a control signal analysis unit 108 and
a control-information storage unit 109. Description of ele-
ments that perform similar operations to those illustrated in
FIG. 4 is omitted.

In the second embodiment, the number of rearrangement
lines is changeable to any one of one, two, and four.
Accordingly, the network camera 1 includes the four line
buffers 103 and uses one or more of the line buffers 103 the
number of which corresponds to the rearrangement lines.

The control signal analysis unit 108 receives a control
signal transmitted from a network monitoring apparatus 3
via the network I/F 106 and determines the number of
rearrangement lines. After determining the number of rear-
rangement lines, the control signal analysis unit 108 outputs
the thus-determined number of rearrangement lines to the
image-data acquisition unit 102, the rearranging unit 107,
and the packet generation unit 105.

More specifically, for instance, the network monitoring
apparatus 3 transmits information indicating a level of
volume of traffic (hereinafter, “traffic level”), which is
obtained by monitoring network traffic or the like on the
image transmitting/receiving system, as a control signal to
the network camera 1. For instance, volumes of network
traffic may be classified in advance into the following three
traffic levels: “0”, “17, and “2”, from smallest to largest
traffic volume.

Upon receiving a control signal indicating such a traffic
level as that described above, the control signal analysis unit
108 retrieves the number of rearrangement lines associated
with the traffic level from the control-information storage
unit 109. That is, the control signal analysis unit 108
functions as a line-number determining unit that determines
the number of rearrangement lines depending on communi-
cation status information indicating a network communica-
tion status.

FIG. 13 is a diagram illustrating an example of control
information stored in the control-information storage unit
109. As illustrated in FIG. 13, the control information is
configured as a table where each traffic level is associated
with the number of rearrangement lines. For instance, when
the traffic level is “0”, the system is in a condition where the
volume of network traffic is small and even if a large volume
of data is transmitted, a delay is less likely to occur. Put
another way, in this condition, the amount of data that can
be transmitted is large. Accordingly, the number of lines “1”
with which the compression ratio is low but transmission
delay is small is associated with the traffic level “0”. For
instance, when the traffic level is “2”, the system is a
condition where the volume of network traffic is large and it
is desirable to minimize the amount of data to be transmit-
ted. Accordingly, the line number “4” with which transmis-
sion delay is large but the compression ratio is high is
associated with the traffic level “2”.

The image-data acquisition unit 102 outputs image data of
lines, the number of which is the number of rearrangement
lines output from the control signal analysis unit 108, to the
line buffers 103, the number of which is the number of
rearrangement lines, line data by line data. When the image
data of the lines, the number of which is the number of
rearrangement lines output from the control signal analysis
unit 108, has been stored in the line buffers 103, the
rearranging unit 107 rearranges the image data of the lines,
the number of which is the number of rearrangement lines,
into to-be-encoded image data and outputs the to-be-en-
coded image data to the encoding unit 104.
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The packet generation unit 105 adds a control signal
output from the control signal analysis unit 108 to the
encoded data output from the encoding unit 104 to perform
packetizing. FIG. 14 is a diagram illustrating a configuration
of a structure of a packet generated by the packet generation
unit 105. As illustrated in FIG. 14, the packet generated by
the packet generation unit 105 according to the second
embodiment contains a rearrangement ID by which the
number of rearrangement lines can be identified. For
instance, when the number of rearrangement lines is “1”, the
rearrangement 1D may be set to “0”; when the number of
rearrangement lines is “2”, the rearrangement ID may be set
to “17; when the number of rearrangement lines is “3”, the
rearrangement ID may be set to “2”.

A functional configuration of the image receiving appa-
ratus 2 according to the second embodiment is described
below. FIG. 15 is a diagram illustrating an example of the
functional configuration of the image receiving apparatus 2
according to the second embodiment. As illustrated in FIG.
15, the image receiving apparatus 2 according to the second
embodiment differs from the configuration illustrated in
FIG. 5 in additionally including a rearrangement-informa-
tion storage unit 205. Description of elements that perform
similar operations to those illustrated in FIG. 5 is omitted.

FIG. 16 is a diagram illustrating an example of rearrange-
ment information stored in the rearrangement-information
storage unit 205. As illustrated in FIG. 16, the control
information is configured as a table where each rearrange-
ment ID, which is contained in the packet illustrated in FIG.
14, is associated with the number of rearrangement lines.

The packet analysis unit 202 acquires packet data trans-
mitted from the network camera 1 via the network I/F 201
and acquires encoded data and a rearrangement ID from the
received packet. The packet analysis unit 202 determines the
number of rearrangement lines by retrieving the number
associated with the acquired rearrangement 1D from the
rearrangement-information storage unit 205. For instance,
when the acquired rearrangement ID is “0”, the packet
analysis unit 202 can determine that the acquired encoded
data is image data of one line.

Furthermore, the packet analysis unit 202 outputs the
acquired encoded data to the decoding unit 203, and outputs
the determined number of rearrangement lines to the rear-
ranging unit 204. The rearranging unit 204 rearranges the
image data of 8 lines output from the decoding unit 203 into
image data of lines, the number of which is the number of
rearrangement lines output from the packet analysis unit
202.

As described above, in the second embodiment, the
number of rearrangement lines is determined depending on
a network communication status of the image transmitting/
receiving system. Thus, the second embodiment makes it
possible to determine whether to prioritize a high compres-
sion ratio over a small transmission delay or vice versa,
thereby transmitting data efficiently depending on a network
status while reducing transmission delay.

The second embodiment has been described by way of the
example in which the control signal is transmitted from the
network monitoring apparatus 3, which is an apparatus
independent of the network camera 1. Alternatively, con-
figuration in which the network camera 1 itself monitors the
network traffic status and determines the number of rear-
rangement lines depending on the status may be employed.

In the first and second embodiments, the network camera
1 is used as an example of the image processing apparatus.
However, the image processing apparatus is not limited to
the network camera 1 but can be any image processing
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apparatus so long as having a configuration for encoding
image data and transmitting the encoded image data to other
equipment.

An embodiment is a computer program product compris-
ing a non-transitory computer-readable medium containing
an information processing program, the program causing a
computer of an image coding device that encodes image data
in units of encoding line number that is number of lines
necessary for implementing encoding, to perform: trans-
forming image data of lines, number of which is smaller than
the encoding-line number, into to-be-encoded image data of
the encoding-line number of lines; and encoding the to-be-
encoded image data.

According to an embodiment, a transmission delay caused
by image data compression can be reduced.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:
1. An image coding device that encodes image data in
units of an encoding line number that is a number of lines
necessary for implementing encoding, the image coding
device comprising:
processing circuitry configured to
transform image data of lines, a number of which is
smaller than the encoding-line number, into to-be-
encoded image data of the encoding-line number of
lines, and
encode the to-be-encoded image data.
2. The image coding device according to claim 1, wherein
the processing circuitry
determines the number of lines of the image data to be
transformed into the to-be-encoded image data depend-
ing on communication status information indicating a
communication status of a network over which the
encoded image data is to be transmitted, and

transforms the image data of the determined number of
lines into the to-be-encoded image data.
3. The image coding device according to claim 2, wherein
the communication status information indicates an
amount of data transmittable over the network, and

the processing circuitry determines the number of lines
such that the larger the amount of transmittable data,
the smaller the number of lines.

4. The image coding device according to claim 1, wherein
the processing circuitry divides each line of the image data
to be transformed into subblocks, each of the subblocks
being made up of a predetermined number of pixels, and
rearranges the subblocks into image data of the encoding-
line number of lines.

5. The image coding device according to claim 1, wherein

the image data is generated by capturing, by an image

capturing device, an image of an image capture subject,
and

the processing circuitry transforms the generated image

data in real-time.

6. An image processing apparatus comprising:

the image coding device according to claim 1,

wherein the processing circuitry transmits the encoded

image data to another apparatus.

7. An image transmitting/receiving system that transmits
and receives image data encoded in units of encoding line
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number that is a number of lines necessary for implementing
encoding, the image transmitting/receiving system compris-
ing:

processing circuitry configured to

transform image data of lines, a number of which is
smaller than the encoding-line number, into to-be-
encoded image data of the encoding-line number of
lines,

encode the to-be-encoded image data;

transmit encoded data that is the encoded image data,

decode the transmitted encoded data, and

reconstruct decoded image data into not-yet-trans-
formed image data.

8. An image coding method that encodes image data in
units of encoding line number that is a number of lines
necessary for implementing encoding, the image coding
method comprising:

transforming, via processing circuitry, image data of lines,

a number of which is smaller than the encoding-line
number, into to-be-encoded image data of the encod-
ing-line number of lines; and

encoding, via the processing circuitry, the to-be-encoded

image data.
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